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'I'HE .QEELOPMEN!_ Q_!_ !_HE rB..lMQ.~Ql!!! GERM_-Q!LLS IN ,E~~ 
(A Review of the Literature) 
Part I 
I NTRODUCTION 
------
'I' he question of the origin and the development of the 
sex products in the invertebrates and the vertebrates is a 
subject to which considerable attention has been given 
during the last sixty-five years. Considering its i mp or-
tance in connection with problems relating to heredity and 
genetics as well as to those dealing with the morphological 
development of embryos, it is no mystery as to why investi-
gators have spent so much time endeavoring to determine 
their place of origin and developmental history. 
1 
August Weismann in 1886 introduced his theory of the 
continuity of the germ-plasm,the interpretation of which 
presents the idea of a continuous, unbroken history of the 
definitive g erm-cells from one generation to another. It 
also implies from an embryological point of view, a setting 
aside of specialized cells early in the stages of cleavage 
to carry on the reprodu ctive function independent of the 
. . 
other developing tissues or soma cells. 
~ eiamann, however, was not the first to conceive of 
2 
this unique theory. Moritz Nussbaum in 1880 brought forth 
the conception of this continuity of the germ-plasm. As 
1. 
expressed by his view, " the sexual cells do not come from any 
cells that have given up their embryonic character or gone 
into building any pa~t of the body, nor do sexual cella ever 
go into body formation". 
Ae may be comprehended at once, Nussbaum's hypothesis 
3 
was far from being in agreement with Waldeyer's view which 
came ten years earlier. Waldeyer introduced the "Germinal 
Epithelium Theory" which advocates a transformation from 
somatic cells into germ-cells. 
To embryologists the phenomenon of cell differentiation 
in the various stages of development has always been a subject 
of particular interest. As may be understood, the setting 
aside of the reproductive cells as distinct from t h ose which 
have been termed so ma cells is a subject of considerable 
importance "in the history of both the race and the individual". 
4 
According to Dodds who favors this segregation of t h e cella 
and does not believe in cell transformation, "it is this set-
ting aside of generalized cells to transmit the characters of 
the race that allows the remaining cells, when rell$ved of 
this responsibility, to undergo the higher degree of diffen-
tiation found in t h e body of the hi gher animal or plant~. 
The same author also says that "an understanding of the 
differentiation of the germ-cells is the first step toward a 
comprehension of the general embryonic differentiation that 
follows." 
2. 
3. 
In her paper, "The Problem of the Ori g in of Germ-cella", 
5 
Florence Heys has summarized the various views of investiga-
tors concerning the origin and de~eldpment of the definitive 
germ-cells under four headings. These are as follows: 
"I. Those who deny early segregation of germ-cella, 
and believe that germ-cell formation is a matter of the 
differentiation of somatic cells. 
II. Those who admit early segregation of germ-cells, 
but conclude that su·ch cells are n·ot definitive and degenerate 
to be replaced by pD0liferations of new cells from the germina 
epithelium. 
III. Those whose investigations have led to the con-
elusion that germ-cells are segregated early and migrate to 
the site of the developing gonad. These persist as definitive 
germ-cells, but their numbers are increased periodically by a 
proliferation from the epithelium. 
IV. Those who believe that the definitive germ-cella 
are set aside at an early stage in embryonic development not tc 
be replaced later by transformation of differentiated peri-
toneal cells. Their numbers are increased only by mitotic 
divisions. n 
The author of this thesis has concentrated his atten-
tion upon the origin of the reproductive cells which, as 
according to Nussbaum, are segregated in the early formation 
of the embryo and are generally known as the primordial germ-
cella, and to the migration or path of movement of these 
primordial germ-cells to the embryonic sex-gland. The title 
of this thesis, he believes, adequately covers these two 
subjects. For his particular study the author has selected 
the class Pieces under the Vertebrates at the suggestion of 
his adviser, Dr~ Arthur W. l eysse. 
In the sections which follow, the author has endeavored 
to give a review of the literature pertaining to the work 
accomplished on the several subclasses and orders of this 
main class under the Vertebrata. To the best of his knowledge 
he has included the principal papers that have been written 
concerning this particular topic of the "Development of the 
Primordial Germ-cells in Pieces". 
In treating the class Pisces, the author has directed 
his study according to the classification of Dr. Weysse as 
may be fpund in his "Synoptic Text-book of Zoology". It will 
be noticed that no sections dealing with the Holocephali and 
Dipnoi appear in this thesis. The author was unable to 
discover any literature pertaining to these two groups and 
attributes this lack of material to the unfavorable habitats 
of these fish, the order Holocephali being found in the Arctic 
and Antarctic oceans and in the deep sea, and the aubclaea 
Dipnoi or lungfishes being of tropical climates and found in 
natural abodes difficult for carrying on embryological studies 
4. 
Under the subclass Elasmobranchii, the author has 
selected two works which he deems satisfactory for the study 
of this group. The first deale with Raja batis, a variety 
of skate, while the second is concerned with Squalus acanthia~, 
the common dogfish. As will be noticed no ·difficulty was 
encountered in securing material pertaining to the bony 
fishes. 
In arranging the sections, the author has commenced 
his survey of each subclass with the earliest paper relating 
to it. By so doing, he was able to bring the material up to 
date and thus leave the reader with the moat recent work on 
the subject. 
1. Richards and Tho mp son 
2 . Woods 
). Hann 
4 . Dodds 
5. Heya 
5. 
PART ll 
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(order 1. Selachii) 
Section h 
"THE GERM-CELLS Part I Raja batis" 
by John Beard, D. Sc. 
Perhaps one of the most extensive accounts of the 
primordial germ-cells dealing with the Elasmobranchs was 
brought forth by John Beard in 1902 - 1904 who carried on his 
investigations on the skate, Raja batis, for a period of some 
fifteen years. From a large collection of eggs, he acquired 
approximately one thousand embryos out of which he chose only 
two for the study of the germ-cells. 
In preparing his embryos, Beard used many types of 
fixatives, but found those to be most useful "which tinged 
yolk -plates (Flemming's osmic mixture), or those, which left 
them unaltere d for subsequent sta{ning (5% corrosive sublimate 
with one volume in ten of saturated picric acid)". His 
sections were placed on albuminized slides where they were 
stretched, "dried, and afterwards stained". 
Regarding this last process, Beard states that he preferre 
first to stain the entire embryo in borax-carmine or alum-
carmine arid then proceed with Heidenhain 1 s iron-alum-haematox-
ylin in which solution his preparations remained for twenty-
6. 
four hours. The Heidenhain 1 s iron-alum-haematoxylin, he felt, 
was the best for the yolk-plates which left them jet-black in 
color "even after extraction from cell-nucleus or protoplasm". 
Saffranin or eosin were other stains which he also employed. 
In preparing hie figures, an "Abbe-Zeiss camera under a 
Zeiss 2 mm. aprochromatic n. ap. 1.,0," was used. The 
enlargement was either 750 or 1500 diameters. 
For beginning hie study of the primordial germ-cells, 
Beard made sections of an embryo '2 mm. in length in which he 
claims the cells were definitely found in what Waldeyer 
termed the "germinal epithelium". Having first indentified 
the cells, he worked backwards and claims to have been able 
to recognize these cells "before there was any real trace of 
the future embryo " . He states that he definitely traced them 
"in prep~rations to the close of the segmentation, or to the 
period immediately preceding the first formation of the 
embryo" where he describes them as cells of 0.02 mm., 0.0,6 mm , 
and, in some cases, about 0.05 mm. diameters. These larger 
ones he said correspond to the "megaepheres" or large cells 
recognized by Ruckert. Beard, however, identifies them as 
germ-cells. As to the presence of the cella (primordial 
germ-cells) in stages earlier to this period, he was not able 
to establish anything definite through hie observations though 
he is of the opinion they are formed long before there is any 
emb~yo a t al l . 
1. 
As already mentioned, Beard felt he was able to recognize 
' the primordial germ-cells . near the close of segmentation. 
These early cells, he claims, were discovered in the "germinal 
cavity" or the segmentation cavity. In this cavity, which he 
describes as being located posteriorly, be states that "there 
are other cells, lying immediately under the region of the 
I future embryo. There are usually several of these t ogether, 
I 
:I 
I 
and sometimes they seem to lie in rather definite rows". 
l 
I 
I 
I 
These cella "appeared larger than any of the others, and their 
average size seemed that of the early germ-cells or the immed-
iate forerunners of such". They also showed no signs of cell-
division as was the cause of neighboring cella. They also 
possessed duplicate nuclei which Beard considered a deter-
minant for such cells. 
I In his own words, he states that "the germ-cella of Raja 
il are formed before the embryo arises, and they have to get 
il into it from the outside, from the yolk-sac~. In longitudinal 
I sections of an embryo of twelve somites, he observed masses 
of cells ~n "the anterior part of the blastoderm in front of 
the embryonic foundat~on" which resembled the early germ-cells 
in size and cytological content. He also noticed that this 
group of cells extended backwards for some distance under the 
II head region and the foundation of tho embryo, From thee e 
1 obsefvations, he deduced that there was an extra-reg ional 
! origin for the primordial germ-cells in the skate. He also 
I 
I 
I 
I 
I 
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says that "in the growing zone of the developing embryo there 
are no cells at any time large enough to be the progenitors of 
the germ-cells". 
Concerning the migration or path of movement of these cells 
into the embryo and to the germinal nidus, Beard feels that it 
is definitely from the yolk-sac in an upward direction "between 
the splanchnopleure and gut in the hinder portion of the 
blastoderm". During his investigations of this phase of 
development, he observed germ-cells in a great many places in 
the mesoblast of the trunk, which he feels may be due to the 
fact that the cella may have started to migrate too soon and 
too far forward in the embryo, or may have taken the incorrect 
path altogether. When the germ-cells were first noticed they 
extended from the head-region (where they were few in number) 
of the embryo backwards under the embryonic foundation. Beard 
leads one to believe that it is the cells directly under or in 
close proximity to the developing genital ridge that success-
fully reach their destination, while the others, being less 
fortunate, become lost in other tissues. 
As has already been stated, the path of movement is from 
the yolk-sac in an upward direction between the splanchnopleure 
and the gut. Beard derived his conviction from the fact that 
he observed in this path large numbers of germ-cells, some of 
which had reached their destination while others were progress-
ing or had halted along it. "Their instinct appears to be to 
go alon~ this and then to ierce the a 
9. 
Those which go to the end and those which tarry carry out 
these 'instructions'. The former reach the germinal nidus; 
the latter find a resting place somewhere on the meeentary 
to the ventral side of the nidus, and, it may be, as low down 
as the subintestinal vein or even on the opposite wall." 
In averaging the number of germ-cells, he claims that 512 
were found in an embryo of 32 mm •• This count included normal, 
degenerate, and abnormally placed germ-cells. 
At one time only during his study of the various embryos 
did he observe a germ-cell showing mit6tic division. His quest 
for such divisions were made on embryos of 8 mm. to 42 mm •• 
Figures 1 and 2 represent embryos of about twelve somites 
cut in cross-sections. They illustrate the position of the 
germ-cells as observed by Beard. These cells, it will be 
noticed, are massed on the right side of the embryo. The draw-
ings re~resent a reg ion "at about the site of the futune ~ 
germinal nidus". They were made under low magnification. 
The germ-cells are indicated in black. A of Fi gure 1 represent 
a cell in the position of the future germinal ridge. Cella A 
to D inclusive of Figure 1 measure 0.036 mm. while E and F of 
the same figure are 0.02. Several of the cells are migrating 
upwards. Cell C has advanced considerably. 
Figure 2 represents a section made posterior to Figure 1. 
It will be noticed that "the embryonic foundation is rapidly 
flattening, i.e., the hinder end is a pproaching". All the 
lQ. 
cell s are on t he right of the emb ryo, and none ar e found in 
the embry o exce pt A wh ich is located in the mesoblast. The 
author of t his t hesi s has gat he red that these cells are not 
in as advan ced a stage as those of Figure 1. 
Figure ' illustrates the germ-path of the cells. Th e 
author of this thesis judges t he figure to represent a section 
in the vicinity of the future germinal ridge of an embryo 
6 to 8 mm. in length. Beard states this path leads directly 
to the germinal nidus. A, B, 0, and D are germ-cella. 
Figure 4 is a drawing of the germ-cells (uncolored) as 
they appeared in the germinal ridges of an embryo '2 mm •• 
The enlargement is 1500 diameters. The black masses in the 
germ-cella represent yolk-plates which are not found in the 
neighboring cella. 
Figure 5 depicts normal germ-cells at the close of 
segmentation. The yolk material has been omitted from the 
drawing. Enlargement is 1500 diameters. 
In the earliest germ-cella considerable yolk was found, 
but, as the embryo develops, . this yolk material diminishes. 
ll. 
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ELASMO:S~!NQ!iil 
(order 1. Selachii) 
Section g_.!.. 
11 0RIGIU AND DEVELOPMENT OF THE GERM CELLS IN ACANTHIAS" 
by Frederick Adams Woods, M.D. 
Turning now to the material on Squalus acanthias (the 
common dog-fish) which was published at about the same time 
as that on the skate, one can not help but notice the 
differences of opinion held by the two authors as to the 
origin of the early germ-cells and their paths of movement. 
Beard, it will be recalled, observed no cells at all in the 
growing zone of the developing embryo which he was able to 
designate as the progenitors of the germ-cells and consequently 
gave an extra-regional origin for them. Woods, contrary to 
this view, is under the opinion that the cells in question 
have a distinct connection with the growing zone believing 
"th~t a few undifferentiatef cells of the earliest type are 
I 
taken out and passed on until the new individual is formed". 
In regard to their migration, the first author's observations 
caused him to _conclude that they moved from the yolk -sac 
upward "between the splanchnopleure and gut in the hinder 
portion of the blastoderm", while the writer of the paper 
under consideration claims undifferentiated cells work into 
the mesoderm before it splits and follow the splanchnopleure, 
! 
1\ 
H 
!i 
I' 
it 
'I 
I' 
tl 
I 
I 
I 
I 
II when it has formed, by migration directly to the genital 
I :I !I 
ridges. 
In his account of the germ-cells in Acanthias, Woods 
recorded none of the methods which were employed for his 
research. Hie paper, as published, is merely concerned with 
his observations and deductions, though references are made 
to histological sections and drawings obtained from various 
embryos in hie possession. 
Woods states that he was first definitely able to 
distinguish germ-cells in a 2.5 mm. embryo which showed the 
formed mesoderm previous to splitting. At this stage of 
,I 
'I !I 
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development, cells possessing the cytological appearances of i1 
,, 
H H It germ-cells were present . in the yolk just beneath the endoderm jl 
the mesoderm and also in the endoderm. In addition, it was lj 
II 
distinctly noticed that these cells were located merely in the 1.: 
vicinity of the junction of the food material and the two 
tissues. 
A cross-section of a 2.75 mm. embryo revealed most of the 
germ-cells "in a noticeable swelling caused by the union of 
the three germ layers" with five of the cells somewhat in the 
mesoderm, while a section of a ; mm. specimen displayed them 
closer to the junction of the yolk, mesoderm and endoderm. 
I 
I 
I 
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, Another stage of this early development illustrating another 
progressive step was disclosed in an embryo of ;.5 mm. where ;I 
I 
i 
·I 
,\ 
' 
the cells appeared in a ball "at the junction of the mesoderm ;I 
.. 
II 
and endoderm 11 to their u ward movement in the forme J . 
1§. 
Sections of embryos ).5 mm., 4 mm., 5 mm., and 6 mm. in 
length presented the germ-cells in respective stages of 
advancement in the mesoderm, but it was not until a section of 
an 8 mm. specimen was examined that nearly all of them were 
found in the epithelium around the intestine. Other germ-cells 
of this embryo were seen "in the genital region or dorsal end 
of the coelom"; the genital fold as yet not developed. 
The position of the cells in embryos 11~5 mm., 15 mm., and 
19 mm., Woods illustrated in drawings which the author of this 
I ~ thesis has reproduced and represented in Figures 4, 5, and 6. 
!1 The germ-cells are represented as black dots. 
It has been briefly mentioned that the germ-cells 
originated from "undifferehtiated cells of the earliest type". 
This conclusion the investigator derived from his observations 
of sections made from early embryos at the gr o wing point. 
The earliest of these displayed only the ectoderm somewhat 
differentiated with the other cells in the vicinity appearing 
mor.e or less alike. These latter cells, Woods felt, contained 
the characteristics of the primordial germ-cells, and if he 
had found them in the mesoderm of embryos from 3 mm. to 6 mm. 
in length, he would have identified them as such. 
In a section slightly older than the first, the endoderm 
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had commenced to take form from this undifferentiated mass of l 
cells, but no traces of the mesoderm were found. It was not ,, 
)until tho 2,5 mm. embryo had been reached that this latter ;! 
~ ~ issue was observed 11 clearly formed on each side of the embr o 11 . 11 
16. 
:I 
'I !, 
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In the 2.5 mm. specimen, the cells of the endoderm and 
mesoderm were "losing their clear, round outline, and aloo ~~ 
their yolk", and were undergoing a process of change. However, I' 
:I 
I 
some of the cells retained their original identification and 
several were found in the mesoderm. The writer also noted 
that a few of these cells were discovered "in the extra-
I 
embryonic mesoderm, endoderm and even in the yolk just beneath ~~ 
I 
the endoderm 11 • 
As to the total number of germ-cells present in an embryo 
of ;54 mm., Woods was able to count 710. His first count, made 
ij 
:I 
!I 
I 
I· 
from one of 2.75 mm. in length, showed 98 present. This latter 1 
count was taken from merely one slide. 
Woods feels that the primordial germ-cells migrate to 
their position in the genital ridge. This is due, first, to 
chapges "in relative growths of the different parts of the 
embryo and that in the later stages" an independent force is 
established which causes them to come to their final resting 
place. 
Figure 6. Cross-section of an embryo 2.75 mm. A-B, 
location of all the germ-cells. Enlarged 28 diameters. 
Figure 7. Embryo 3·5 mm •. The germ-cella are found in 
a ball. Enlarged ?8 diameters. 
Figure 8. Germ-cells as they appear in a 6 mm. embryo. 
Enlarged ??O diameters. 
Figures 9, 10, and 11. Stages of development. 
11.5 mm. 15 mm. and 19 mm. All enlarged 8 di amet ere. 
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TELEOSTOMI 
----------
(order 1. Ganoidei) 
"THE ORIGIN OF THE SEX-CELLS OF AMIA AND LEPIDOSTEUS" 
by Bennet M. Allen 
Under the or der Ganoidei which includes the sturg eons 
and gar pikes, the author of this thesis was able to obt a in 
an account of the work done by Bennet M. Allen on Amia calva, 
the bowfin or mud f ish, and Lepidosteus osaeus, the g ar p ike. 
The results of the work on these two fish, Allen incorporated 
in one paper, treating each, ho wever, in a separate manner. 
Specimens of both these fresh water fis h were collected 
within the vicinity of the University of Wisconsin wh ere 
Allen carried on his investigations. 
In prep aring t h e e mbryos for sectioning, Telleyesniczk 1 s 
b ichromate-acetic fluid and Zenk er's fluid were employed as 
fixatives, while a solution containing paraf fin a n d tur p entine 
wa s found satisfactory for infiltrating purposes. 
- aemalum 
and orange G. stains were used p rincipally though Heidenhain 1 e 
iron-haematoxylin was found most suitable for ~mbryoa ad~anced 
in develo pment. 
For the account of the history of the primordial g erm-cella 
in Lepidosteus, ten histological sections secured from embryos 
ranging from 4 mm. to 24 mm. in length were described. In the 
latter (24 mm. embryo) the sex-cells were definitely situated 
in the embryonic sex-gland from which their characteristics 
were undoubtedly first obtained. 
As may be gathered, the investigator first recognized the 
early primordial germ-cella in the 4 mm. embryo where they 
were discovered "in the ventral portion of the single layered 
gut entodermu. Here. they were pictured as being sph erical in 
shape as compared to the flattened character of the cella 
about them, and also possessed of larger and considerably more 
yolk bo~iea than the cella of the entoderm. 
!rom this ventral position, the primordial germ-cella 
migrated to the dorsal portion of the gut entoderm from which 
they passed upward "into the loose m&aenchyme that forma the 
substance of the developing mesentery". As the body cavity 
increased in size, these cells, having become located in the 
narrowed mesentery, moved to the dorsal part of it and then 
"laterally to the sex-gland anlage". 
In: .an embryo of 6.8 mm. the majority of the sex-cells were 
found to be located in the lateral and ventral portions of the 
gut entoderm. However, several were noticed in the dorsal 
portion while a slightly more advanced stage (that of 7.) mm.) 
showed one or tvro in 11 the loose mesenchyme between the gut 
entoderm and lateral plates of mesoderm". 
21-. 
Sections of 8.6 rom., 9.2 rom., and 10.7 rom. embryos 
displayed successive stages of migration. In the first, the 
lateral mesoderm had commenced to separate, and the majority 
of the germ-cella were found in the dorsal portion of the 
splanchnopleure and in the mesenchyme. The second embryo, 
that of 9.2 rom., exhibited the coelomic cavities "in the dorsal 
portion of eich lateral mesodermal plate". 
clearly defined, while in the third or 10 .7 
The mesentery was 
mm. embryo, the 
mesentery was well formed and in this the greater portion of 
the germ-cells were observed though several were found 
"immediately dorsal and lateral to the root of the mesentery", 
the location of the sex-gland anlage. 
Sections of embryos 12 mm., 14.1 mm., and 17 mm. showed 
the germ-cells near and in their final destination, while an 
embryo of 24 mm. distinctly exhibited the sex-glands with the 
cells definitely in them. 
Through the different periods of development briefly 
mentioned above, Allen observed sex-cells at various stag es of 
migration extending from the gut entoderm through to the final 
periods. At no time were cells found undergoing mitotic 
division. 
the total number of cella that reach the se~-gland is about 
one-half of the entire a mount formed, "the remainder being 
distributed between the intestinal entoderm, the mesodermal 
layers of the intestine, the mesentery and the tissues at and 
dorsal to the ~oot of the intestine". The number of cells 
finally to reach the sex-gland was averaged to be '01. 
As to the size of the primordial germ-cells, Allen found 
them to be larger in the earlier embryos than in the more 
mature. He attributes this shrinkage to the use of the yolk 
material by the cells. The measurements of the nuclei, 
however, remained nearly constant during the process of 
migration. 
Figure 12 is a schematic drawing of the path of migration 
of the germ-cells in Lepidosteus. 
Figure 1' is also a schematic drawing representing the 
last stage of migration in the same fish. 
For the investigations on Amia calva, Allen was successful 
in securing preparations of embryos earlier in the stag es of 
development than was possible for his work on Lepidosteus, 
and, as far as can be derived from his paper, employed the 
same methods of fixing and staining for both fish, the study 
of the bowfin being carried on in the same manner as for 
the gar pike. 
From his observations of these earlier specimens, which 
included embryos from 1'2 hours, where "the caudal end of the 
embryo was just ready to undergo separation from the yolk" 
with no sex-cells appearing in the mesoderm, to those of 4 mm., 
which showed the embryos in a clearly distinguishable stage of 
development and with the primordial germ-cells in various, 
M. ......... t .. ? -- -------
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early stages of migration, Allen drew the conclusion that the 
sex-cells of Amia originated in the peripheral entoderm. As 
may be recalled this deduction is similar to that for the 
origin of these cells in Lepidosteus where they were first 
recognizable in the ventral and lateral portions of the gut 
entoderm. The origin in both cases, he feels, is decidedly in 
the entoderm. 
Though the investigations regarding the origin of the 
germ-cells in both fishes were in partial agreement, the 
observations concerned with the paths of migration or movement 
I 
I 
I 
did not show such harmony. In the mudfish, the investigator 
pictures the cells as beginning their exodus from the peripher J 
. . I 
entoderm into the lateral plates of the mesoderm at an early 
stage in the embryonic development. In this latter tissue the 
cells move toward the embryo proper to the medial edges which 
nare destined to join above the intestine to form the mesenteryn. 
When the mesoderm has splip and the coelom is taking form, t he 
sex- cells are found close "to the somatic layer at a point near 
the root of the developing mesentery- the sex-gland anlage " . 
From this location they 11 sink into the peritoneum of this 
region which after wards proliferates to form a long ridge - 1 
the sex-gland. 
A section of a 132 hour specimen displayed "the caudal end 
of the embryo just ready to undergo separation from the yolk" 
and with the primordial germ-cells barely distinguishable in 
I 
the peripheral entoderm "from the lateral angle of the sub-
germinal cavity to the anlage of the blood cells". Sections of 
slightly greater development, those made from 137 to 147 hour 
embryos, showed several of the sex-cella in the mesoderm, where, 
as found in the 147 hour specimen, they stood out clearly from 
the surrounding mesodermal cella. In this latter embryo, the 
cella were easily distinguishable from the others due to their 
more rounded shape and the greater. size of their yolk granules. 
In order to demonstrate the origin and early migratory pat~ 
of the sex-cells in the mudfieh, Allen went into a lengthy 
description of the parte and location of the cells as found in 
a 4 mm. embryo. Figure 14 represents a section of this embryo 
made "just anterior to the hind gut". In this drawing the 
anatomical structures may easily be distinguished together 
with the germ-cella located at several stages of mi gration. 
On the right side of this section a single cell wi 1 be 
noticed in the peripheral entoderm while the others appear at 
progressive points in the mesodermal plates which have 
separated from the mesoblastic eomites. 
Though a 4 mm. specimen displayed the location of the cells 
in the early stages of migration, one of ).5 ~m. convinced 
Allen that this latter period represented the phase of their 
moat active migration. In embryos of ).5 mm., the sex-cells 
seemed to he more numerous in the lateral plate "above the 
border of the subgerminal cavity" from which location they 
became fewer in number toward the "median edge of the lateral 
plate of mesoderm" with only one slightly beyond the "midway 
point". 
In discussing the path of migration beyond the 4 mm. 
stage, sections of embryos from 5 mm. to 40 mm. inclusive 
were offered as evidence for his observations. The embryo of 
5 mm. displayed little or no advance in the sex-path over that 
of the 4 mm. stage, while those of 6 mm., 7 mm., and 9.1 mm. 
showed considerable, the 6 mm. specimen exhibiting the cella 
"in the splanchnopleure just at the entrance of the hind gut", 
several in the germ-gland anlage, and the majority "in the 
dorsa-medial extremity of the coelom". The 9.1 mm. embryo 
produced 73 of the cells in the sex-gland anlage wi th only 
three outside, one being found "in the gut-entoderm and two 
in the parie t al peritoneu~. 
In sections of embryos above the 9.1 mm. stage to those 
of 40 mm. in length, the cella were observed underg oing a 
lateral mi g ration in accordance with the development of the 
embryonic gonad. In these stages, Allen observed an increase 
in the number of cells present but found no evidence of 
"sex-cell division nor of any degeneration". The cells also 
contained less yolk material than those observed in the 
earlier periods. 
Concerning the size of the cells and nuclei, Allen feels 
that "there is a fair decrease in the size of the cell-body 
as development proceeds 1 and that there is a slight increase 
in the size of the nucleus". He also feels that nearly all of 
the migrating cella reach the sex-gland anlage with only a 
few becoming lost during the process of ·-,embryonic organization 
Figure 14 is a transverse section of a 4 mm. embryo 
showing the conditions as observed at that stage. t he number 
of diameters of enlargement is not known. 
~ igure 15 is a schematic drawing of the path of migration 
of the germ-cells in Amia. 
Figure 16 is also a schematic drawing representing t h e 
last stag e of migration in the same fish. 
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"ON THE PRECOCIOUS SEGREGATION OF THE 
SEX-CELLS IN MICROMETRUS AGGREGATUS, 
GIBBONS" 
by Carl H. Eigenmann 
Since the Teleostei compose the largest group under the 
class Pisces, one would naturally expect to find t h e material 
dealing with the primordial germ-cells in fish more numerous 
in this diversified order. In the following sections, the 
author of this thesis has presented briefly several reviews 
of what he deems the most plausible undertakings of investi-
gatore of this subject in the bony fish. 
The first and perhaps the earliest to undertake the 
problem of the germ-cells in this group was Eigenmann who 
selected the viviparous teleost Micrometrus aggregatus for 
his experimental work. In preparing his embryos for histologi-
cal study, he first hardened them for twenty-four hours in a 
solution of osmic, chromic, acetic acid and stained his 
1 sections with Delafield's or Grenacher's haematoxylin. 
I 
I 
I Before endeavoring to trace the sex-cells to their place 
of origin, Eigenmann ~ade investigations upon more or less i,j 
I mature specimens in which the sex-cells, as interpreted by him, 
I 
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were clearly distinguishable and possessed the cytological 
characteristics of the primordial germ-cells. Having thus 
first determined the nature of the cells in Micrometrus 
aggregatus, he proceeded to study fertilized eggs beginning 
with the first stages of cleavage and ending with embryos 
which showed considerable development. 
From hie observations, the writer derived the conviction 
that the primordial germ-cells are separated from the body 
cells very early in development. This belief was establishe 
from his studies of several specimens that showed no signs o 
gastrulation. In one which contained approximately 1700 
cells, six large cells were found in the blastoderm whose 
relation to the others seemed unusual, and two which display~ 
i 
a multinucleated condition were noticed in the yolk. These I 
latter cells, except for their multinuclear condition, 
resembled the sex-cells found in older eggs. In their 
position they appeared more regular and rounded than those 
of the blastoderm, while in still another early specimen a 
single cell was noticed which possessed the characters of 
those observed in more mature -embryos. 
Though the early specimens were considered as exceptiona 
cases, Eigenmann was first definitely able to distinguish 
the sex-cells from other cells in specimens which showed the 
beginning of or closure of the blastopore and in which the 
li 
mesoderm had not separated from the entoderm. In these 
specimens the cella were found in the yolk and "at the 
margin of the future mesodermic cells" 
observed to be well defined with round 
where they were 1 
outlines and uniformally •! 
distributed chromatin in the nuclei. Nucleoli and yolk 
granules were also present. 
In embryos which displayed some advancement over those 
I' I 
II 
II 
II I, 
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just mentioned, the sex-cells were noticed to be most prominent ij 
I. 
II 
due to developmental changes in the surrounding cells. For the :! 
most part the primordial germ- cella were found to be collected 
I 
in the thickened region where the germ layers fus~ though a few 11 
which may have migrated ahead of the others, were noticed in :! 
other parts of the embryos. Specimens of this degree of 
development showed the chorda and neural thickenings extending 
back for some distance and with the mesoblast separated from 
the entoderm. An average of thirteen primordial germ-cells 
was found in these specimens. 
In specimens showing the outlines of one or two 
provertebrae, the majority of the sex-cells were found 
"in the mesoblast of the head just in front of the first 
provertebra «, while in embryos observed just after hatching 
and up to 1.2 mm. in length, the sex-cells were found to be 
1 distributed unevenly and in various locations. However, in 
I sections of specimens measuring 1.2 mm. the cells were found 
to be situated in the mesoblast just above the anus. 
il 
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! In stages showing development of 2.5 mm., the sex-cells 
I 
i 
were round in a reg ion app roximatel y 0.20 mm. in length 
"in the mesentery and the mesoblast adjoining it from above 
the anus forward". These cells, as compared with others, 
were the only ones which contained yolk particles which 
appeared unchanged from the original condition. 
In his study of the more mature embryos, Eigenmann found 
undergoing mit otic division in specimens up to and including 
2. 5 rom. in length. 
Figure 17 is a "croas~section of the anterior part of 
the embryonic axis before any protovertebrae . are outlined". 
Figure 18 is a longitudinal section or an embryo showing 
. . 
four protovertebrae . The sex-cells are located in front o f 
the first protovertabra. X )55 
Figure 19 is a cross-section through the ant erior part 
of the anus showing the sex-cells in the as yet united 
somatic and splanchnic mesoderm. X- 355 
Figure 20 ie a cross-section through the anal region of 
an embryo 2.5 rom. in length. X )55 
Figure 21 is also a cross-section throug h the anal region 
showing the sex-cella in the position indicated. X 355 
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"SEGREGATIO N OF THE GERM CELLS OF THE TELEOST, LOPHIUS" 
by Gideon S. Dodds 
The results of the research done by G. S. Dodds on 
Lophius piscatorius L., commonly known aa the ~rogfish, the 
angler, and the goosefish, were "presented to the Faculty of 
the Graduate School of the University of Pennsylvania in 
partial fulfillment of the requirements for the degree of 
Doctor of Philosophy". 
For his study of the goosefish, Dodds chose emb ryos 
representing fourteen stages in embryonic development. Th ese 
he numbered from one to fourteen and in his account s p eak s 
merely of the numbers and the internal, anatomical progression 
of each. Stage one, as described by Dodds, represents a 
speci men in which cleavage has advanced to such a p oint that 
the germ-disc h as become "several cells in thickness, but has 
not yet begun to grow around the egg". Stage fo u rteen, wh ich 
d epict s the great est extent of embryonic development in his 
investigation, sets forth an embryo with the y olk-sac nearly 
absorbed and wi t h the specimen a p pro ximately 6 mm . in l~ngth . 
The specimens were fixed in corrosive sublimate acetic 
and stained, for the most part, in iron-haematoxylin and eosin 
or bordeaux red. The sections were made 6 microns thick in 
aerial, transverse form though a few were studied in frontal 
and sagittal planes. 
The earliest at which the primordial germ-cells coula be 
distinguished was in embryos whose development placed them 
in the number 6 stage. At this period, the cella appeared 
only slightly larger than those surrounding them and were 
round with irregular nuclei and two plasmoaomee which were 
noticed "quite far apart and close to the nuclear membrane as 
in older embryos". This latter condition of the plasmoaomea 
had half covered the yolk though in some cases it had pro-
greased a little more. The youngest showed the ectderm or 
ectoblast considerably thickened but with no well defined 
nerve cord, while several others displayed the entoblast and 
mesoblast distinctly and with the notochord in position. 
The germ-cella in the earliest were observed at "the margin 
of the primitive entoblast while in the oldest of this group, 
I they were found "in both the entoblast and mesoblast". 
I 
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In stage 7 the embryos showed degrees of development 
beyond those of number 6. In this group the youngest embryos 
possessed a well thickened mesoblast with no apparent div isio n 
into myotomes and lateral plates. The more advanced, h owever, 
presented the negative conditione of the lees mature, and 
displayed t h e ma jority of the germ-cells situated in "the dorso~ 
lateral part of the myotomes". Here the primordi a l germ-cella 
stood out more clearly due to the "changes in the surrounding 
tissues". 
Embryos of stages 8 , 9, and 1 0 also exhibited de g rees of 
anatomical adv an cement over those of stages 6 and 7. Stage 8 
displayed "several myotome segments~. Stage 9 showed t h e 
coelomic cavity taking form and with the gut definitely 
~eveloped, wh ile stage 10 indicated the closure of the 
blastopore. In the first of this series the germ-cella had 
"almost all mi grated from the myotome into the lateral plate", 
whi le in stage 9 they were found "in the splanchnic layer, or 
close to the median marg in of the lateral plate where no 
se paration" had taken place. 
From this latter position, "th e median margin of t h e 
lateral plate", the cells apparently move into the somatic 
layer where , later in stage 12, they are seen in "the dorsal 
wall of the coelom and are for the most part close to the 
pronepheric duct". In this stage embryos are depicted about 
2.7 mm. in lengt h and circling nearly half the egg. 
39· 
Embryos of stages 13 and 14 present, first, newly h a t c h ed 
fish with large yolk-sacs, and, secondly, s p ecimens with the 
yolk-sac al most absorbed and wit h a length of 6 mm. In stage 
13 the germ-cells are situated "on the dorsal wall of the 
coelom, just below the pronepheric duct", while in the latter 
stag e, stag e 14, "all of the germ-cells are located at the 
base of the mesentery where they are more closely a g gregated" 
in the germ-glands. 
Concerning the histological characteristics of the germ-
cells, Dodds mentions t h ree periods in which they s h owed 
slight change. The first period or "early period" h ad already 
been discussed, while the second or "middle period", represent-
ing cells in stages between 9 and 13, show little ch ange over 
the "early period". In the "later period", that of ·stages 13 
and 14, however, the nuclei had become round instead of 
irregular as was illustrated in the earliest cells. They also 
appeared to be much larger, while another change was noticed 
in the "chromatin-linin reticulum" which had become thickened 
causing the nuclei to stain more deeply. The two plasmosomee 
had also fused. 
Throughout his investigations, Dodds found no evidence of 
mitotic division among the primordial germ-cells and attrihhtes 
the iricrease in number, which he found to exist as the more 
mature stages were reached, to be "due to changes in the 
germ-cells which made them recognizable". He also states that 
"the germ-cells reach the position of the gonads by a 
migration which is in part active and in part passive". 
Though evidence was lacking, Dodds feels that "the 
separation of somatic- and germ-cells is one of the earliest 
differentiations in the segmenting egg of Lophius". 
Figure 22 represents "the earliest recognized germ-cella 
and some surrounding cells of the primary entoblast". X 1260 
Figure 23 represents " a group of five germ-cells from 
embryo 14 C. They are massed at the base of the mesentery and 
are seen to be surrounded by flattened cells, the future 
folltcle cells. 'i'he nuclei of three germ-cells show the 
changes which begin at this time". X 1260 
Figure 24 is an "outline sketch of embryo of stage 7, 
. s h o wing number and distribution of germ-cells 11 • X 45 
Figure 25 is a sketch of an emb ryo of stage 8. 
Figure 26 is a sketch of an embryo of stag e 12. 
li,igure 27 is a sketch of an embryo of stage 1). 
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"THE ORIGIN OF THE GERM CELLS IN THE TOADFISH" 
by Emory W. Sink 
The material for the investigation on the germ-cella of 
the marine Teleost, Opaanua tau, was obtained at the Marine 
Biological Station at Wood s Hole where a series of toadfish 
embryos was secured. In preparing the specimens for hiatologi 
cal sectioning various fixatives such as Bouin 1 s picro-formol, 
Tellyesnicky' and Zenker's fluids were used, but due to the 
great amount of yolk which was found in the embryos the 
blastoderm was removed before it was possible to obtain 
sections. For imbedding purposes paraffin was found to be 
most satisfactory, and sections, both transverse and longi-
tu dinal, were cut six microns in thickness. Staining was 
carried on primarily with two per-cent acid haemalum and with 
Orange G. or eosin as counterstains. 
Sink began his study with an 8.6 mm. embryo that possessed 
a rather large yolk-sac and in which the germ-cells were seen 
to be definitely situated in the sex-glands. Here the cells 
were clearly seen and identified due to their extreme size 
I 
I 
'I ~~~ .... 
,I 
\1 and circular shape as well as containing nuclei and nucleoli. 
For both the Invertebrates and Vertebrates Sink states that 
these characters have been the main means for determining the 
primordial germ-cells. I 
Having thus clearly obtained the germ-cell characteristics, 
the investigator then proceeded to study younger embryos and 
in his paper briefly describes the location of the cella in 
specimens measuring 4.75 mm. and 3.5 mm. in length. In the 
former the sex-glands had not developed but the germ-cells 
were found ventral to the Wolffian duct in the ridge which 
later produced the sex-glands, while in the 3•5 mm. stage only 
a few of the primordial germ-cells were located in this ridge 
but with the majority in the gut ento4erm and in various 
locations between the gut entoderm and the germinal ridge. 
In this latter specimen Sink noticed many of the sex-cells 
in the process of mitosis and several with biLobed nuclei 
did not include in his paper but mentioned that in several 
specimens which presented characteristics of less development 
than found at the 3.5 mm. stage, cells which resembled those 
already identified as early sex-cells were observed in the 
region of the primary entoderm where the gut was destined td 
develop. He also noted particularly in several young embryos 
the large periblast nuclei which he felt had developed from I 
the marginal cells of the germ-disc sometime during gastrulati j • 
I 
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Due to their large size and yolk material, the investigator 
suggested that they might have been undifferentiated blasto-
meres some of which were intended to become the primordial 
germ- c e 11 a • 
As may be gathered, Sink is under the opinion that the 
origin for the primordial germ-cella is found in the very 
early stages of development and that they are derived from 
blastomerea as is advocated by several workers on the 
Invertebrates. 
To the author of this thesis, this paper by Sink does not 
appear to contribute greatly to the problem concerning the 
development of the early sex-cells. It has been introduced 
here merely for completeness. 
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"TH E MIGRATION OF THE GERM CELL S I N AMIURUS NEBULOS US" 
II 
. I 
i' 
by Freda M. Bachmann II II I 
;I 
Bachmann began the study of the germ-cells in Amiurus 
nebulosus with the hope of discovering their ori g in, but 
'I 
!I 
because of several obstacles which were encountered when deal- I 
ing with e a rly specimens was obliged to limit the investigation! 
to the number of germ-cells present in the fish and to their 
migration from the time they were first recognized. For her 
research on the catfish, the writer collected embryos ranging 
from 3.2 mm. to 14 mm. in length which were stained in such a 
manner that the germ-cells were distinctly set off from neigh-
I 
I 
boring cella. The method involved iron-haematoxylin, Congo red 1 
Mayer's haemalum and Orange G. stains which, in the final I' 
,I 
process, caused the cytoplasm of the germ-cells to become light ll 
orange in color and that of the surrounding cells a bluish gray : 
I 
The investigator was first able to identify definitely I 
primordial germ-cells in an embryo which measure d 3.2 mm. 
47. 
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the yolk. In other embryos of similar length, germ-cells were • 
also found in the same locality and distributed in various 
places in the lateral plates but wi th the majority quite a 
distance from the mid-line. Several were noticed far out in 
the lateral plates and a few were found betwe~n the mesoderm 
and the yolk. 
In embryos of 5 mm. in length the coelomic cavity was 
usually completely formed and the germ-cells appeared in the 
location of the hind gut where all except a few were situated 
in the dorsal part of the splanchnopleure. Four, however, 
were discovered in the somatopleure and in one embryo a single 
cell was observed in the cavity between the somatopleure and 
the ectoderm. 
Embryos of 7 mm., 9 mm., and 14 mm. in length displayed 
successive stages of advancement. In the 7 mm. period the 
primordial germ-cella were found to be in nests crowded in the 
mesentery and with several cells lag~ing in migration near the 
anlagen and in the splanchnopleure. In the 9 mm. specimens, 
on each side of the mesentery, the anlagen had taken on the 
aspect of a fold throughout which the germ-cells were found, 
while embryos of the last stage, the 14 mm. stage, presented 
the germ-cells in the center of the fold with strands of 
peritoneal cells appearing between them. 
Summarizing briefly, the path of migration b egins in the 
outer part of the mesodermal plate into which the germ-cells 
4t}. 
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move up to the time of splitting following which they become 
situated in the splanchnopleure. In this latter tissue they 
pass upward into its dorsal part and later become associated 
with the developing mesentery which is destined to form the 
germ-gland anlagen. 
In considering the structure of the germ-cells, Bachmann 
states that they were observed to remain nearly the same in 
size up to the stage where they were found in or near the 
anlage of the germ-gland at which period and in subsequent 
periods, according to the investigator, the cells became 
smaller as they increased in number from an early count of 
twenty three to approximately 144 in the 14 mm. specimens. 
Before the multiplication period the cells measured from 
14 to 18 microns in diameter and possessed nuclei 7 to 9 
microns in diameter. In comparison to other cells, the ge r m-
cells appeared as rounded structures with clear cytoplasm 
containing more or less diffused yolk material. The nuclei 
were spherical in shape and often two nucleolei were present, 
:I 
il 
At times cells were observed which were lacking in nucleo l ei. 
II The chromatin .~ f the nuclei was scattered in the form of 
granules and did not a ppear in large masses as was character-
istic of the somatic nuclei. 
In the advanced embryos the cells were reduced in size 
and measured 8 to 12 microns in diameter with nuclei 4 to 6 
microns in diameter. The chromatin also presented a change 
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in character fo r in t he later stages it was f ound to have 
aggregated into masses. 
Th ough the writer confidentl y speaks of cell multi plication 
s h e sites but one incident of cell division whic h wa s observed 
in a 7 mm. embryo. There is also no explanation given as to 
ho w this multiplication takes place. No explanation or 
opinion is offered as to the cause ~nd means for mi gration. 
One observation made by Bachmann that seemed of si gnif-
ican ce to the author of this thesis is concerned with the 
opinion held by a few early writers that germ-cells may be 
derived from peritoneal cells. Bachmann noticed no evidence 
which would signify that such an occurrence took place in 
Amiurus nebulosus. 
Fi g ure 28 shows the g erm-cells in the lateral part of 
the mesoderm. X 390 
Figure 29 shows the ge r m- cells migrating to ward the 
mesentery. X 390 
Figure 30 shows the germ-cells migrating dorsally into 
the mesentery. X 390 
Figure 31 s h ows the germ-cells within the germ-glands. 
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"THE MIGRATIO N OF THE PRIMARY SEX CELLS OF 
FUNDULUS HETEROCLITUS" 
by A. Richards and James T. Thompson 
The material for the investigation of the germ-cells of 
I 
1 
Fundulus heteroclitus consisted of a aeries of embryos which 
1 were prepared for study at Woods Hole during the summer of 
I 
II 
1919. Bouin 1 s fluid was the only fixative employed and the 
majority of the observations were made from serial transverse 
sections which measured from 4 to 7 micra in thickness. The 
staining was carried on by the "long method" for iron-haema-
toxylin. 
I Before beg inning t h eir work on the path of mitration of 
d the sex-cells, the authors made a s p ecial attempt to identify 
\1 the cells wh i ch were to be studied. For this purpose a 
!I 24-day speci me n was selected in which the sex-cells were 
II 
1
1
1 capable of being recognized and where, too, they v1ere 
,I observed to out number the peritoneal cells which were in the 
process of forming the sex-gland. Although the aut h ors speak 
of these cells as "sex-cells" they do not claim that t h ey 
i 
1! represent the true se x-cells which later give rise to the 
I' 
,I 
I' 
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final sex products as has been the belief of many investigator 
on the subject in general. 
In describing the primordial germ-cells, Richards and 
Thompson found them in general to be more or less spherical 
or ovoid with very distinct outlines and possessed of nuclei 
conforming for the most part to the shape of the cells. In 
regard to the cytoplasm and the achromatin material of the 
nuclei, both were found to be unusually clear in contrast to 
the same in neighboring cells which appeared more dense. In 
the former, the cytoplasm, an exceptionally large centrosome 
was most always present. Beneath the membranes of the nuclei, 
linin networks which most always were connected to two nucleoli1 
were observed as well as peripherally distributed chromatin 
granules, a characteristic found to be common to all the sex-
cells observed throughout the study. 
In determining the path followed by the primordial germ-
cells, observations were made on many specimens from 46 hours 
of development to embryos of 24 days duration. The obtained 
results convinced the authors that the "path leads from the 
periphsral endoderm into the border of the undifferentiated 
endodermal cell mass" from which, after the formation of the 
endoderm of the gut and the mesoderm, they move in a medial 
,j 
jl 
., 
direction with either tissue. 
I 
With the develop ment of the gut, !I 
I 
the cells become located in a more or less lateral position II I' 
I 
out of which they make their way into the splanchnic mesoderm. , 
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In this latter tissue they move dorsally and come : to be 
situated ventral to the Wolffian ducts from which they 
progress with the germ gland anlagen to a position dorsal 
to the gut. 
As may be easily presupposed, the earliest pri~ordial 
germ-cella were discovered in a 46-hour embryo where they 
were distributed most widely in the posterior half of the 
specimen. In all the early embryos, those from 46-hours to 
and including 50-hours of development, the cella were 
observed to be scattered in various positions ranging from 
the extra-embryonic reg ion in the youngest to within the 
mesoderm and even to the edge of the forming gut. Regarding 
the progress of the cella in these early stages, the authors 
state that it is more or less -"prop ortional to the development 
o f the em b r yo " • 
In observing embryos of 105-hours development, the sex-
cells on the left side were found to have progressed con-
aiderably more than those observed on the right. On the 
former side, the left, the cells were seen "~cattered all 
along the splanchnic mesoderm, from the region very near the 
\ 
split in the lateral mesoderm to that at the aide of the 
gut", while on _the latter, the right, they appeared in a 
mass lateral to the gut. 
Six-day and thirteen-day embryos showed considerable 
a dvance over those of the earlier stages. In the 6-day 
speci mens the majority of the cells were displayed mi_grat ing_ 
==-=--====--------==!:1====-= -=~- -- -=*'=:--==== 
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from t h e loose mesenchyme dorsal to the hind gut to t h eir 
location ventral to the Wolffian ducts, while in the 13-day . 
embryos the cells were apparently all located in the germ gland 
anlagen. For the most part, the 6-day embryos showed the 
complete extent of the migration in the mesentery wh ile in a 
13-day specimen four cella were observed in the mesentery above 
the gut and were probably designated as "lost cella . 
In regard to the question of germ-cell multiplication 
during migration the authors state that they were unable to 
find any sex-cells displaying mitotic division, and also that 
there was no great variation in the number of cells present in 
'[ the various e mbryos that were studied, the average number in 
Fundulus heteroclitus being approximately sixty-seven. Due to 
these observations, the authors felt that multiplication must 
have taken place at some time in the early atagee and most 
likely in the extra-embryonic region. 
As to the means of migration, Richards and Thompson are 
under the opinion that the forces which are responsible for 
the development of the organs effect the movements of the 
germ-cells. They assert that these are external to the cella 
in question and that their migration is more or lese passive. 
Figure 32 represents a typi~l pri mordial germ-cell as 
found in a 105-hour embryo. The large centrosome, the two 
nucleoli and the chromatin knots are illustrated. X 1420 
==========================~~~-~-~-~----
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Figure 33 shows the primordial g erm-cella in the germ 
g land anlagen of a 24-day specimen. The sex-cells are 
surrounded by mesoderm. X 1420. 
Figure 34 represents a diagramatic reproduction of a 
46-hour embryo. The distribution of the cells at this early 
stage is indicated. liThe variation in anterior-posterior 
development is very noticeable." X 65. 
Figure )5 is also a diagramatic reproduction. It repre-
eents a specimen of 105 hours development. Here the cells 
are found more medially located. The cells on the right side 
have not progressed as rapidly as those found on the left; 
"the former g roup migrated with the mesoderm and the latter 
followed the gut entoderm". X 65. 
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"T HE HI STORY OF TH E GERM CELL S OF COTTUS BAIRDII GI RARD" 
by Harry W. Hann 
Until the work of Hann was published in 1927 no co mplete 
ac c ount of the entire cycle or life history o f t he germ-cells 
in f ishes had appeared, all previous investigations being 
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limited to separate periods 
I 
in the cycle of the var i ou a specie sfr 
Realizing this situati on, the investigat o r planned his study 
of the f resh water teleost , Cottus bair dii , to cover all the 
li 
·I 
!I 
II periods with the anticipation of disco v ering the origin of the 11 
:I 
sex-cells and of f ollo wing them through t o their mature state. 
From the result of hie work, Hann c onfidently st ates that i n 
Cottus bairdii "the definitive sex-cells in both sexes h a ve 
their origin only in the primordial g erm-cells" and that there 
i s no t~ansition fr om the somatic cells to germ-cells at any 
stage. 
A c omplete study of the se x products in fishes wa s not the 
purpose of this thesi s which, as will be recalled, has been 
limited to merely the origin of the primordial germ-cel l s and 
to their migration to the s ex-glands. ~he author, therefore, 
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Contrary to the practice of other writers, Hann does not 
designate the cells observed in the very early stages of 
development as germ-cells or primordial germ-cells, but speaks 
of them as 1 giant cells', a term introduced by Reinhard in I 
1924 who "believed that the primordial germ-cells of Scardiniu 1 
had their origin in large cells which he called 1giant cells' 
(Riesenzellen)", Like Reinhard, and probably due to his 
influence, Hann is of the opinion that the primordial germ-
cells in Cottus bairdii take their origin from these large 
cells or 1 giant cells' which he first observed in a 1.64 mm. 
specimen in which were formed the optic vesicles, the notochor 
and Kupffer's vesicle and where the cells were considered as 
undifferentiated cells of the entodermal layer. Not until 
the 2.77 mm. stage which represented seven days development 
after artificial fertilization did the author identify any 
cells as germ-cells or primordial germ-cells with certainty. 
In embryos of this period, the writer pictures them as round 
or oval and larger than neighboring cells. Also in these 
specimens they were observed to be lying in a dorsalateral 
position between the gut and the dorsal aorta where they were 
surrounded by flat mesodermal cells which resembled those of 
the peritoneum. 
In the "pre-germ-cell stage", the period including 
embryos less than 2.77 mm. in length, the giant cells appeared ! 
\ 
as round or oval and contained nuclei which, in turn, poseeaee 
59. 
several dark staining nucleoli of varying sizes. The cytoplasm 
of these early cells also appeared more or less clear. 
Embryos of 1.91 mm. in length displayed the cells as 
undifferentiated cells in the entodermal layer while those 
of 2.04 mm., due to the formation of the gut and the retraction 
of the entoderm, the giant cells were observed to have moved 
in the direction of the median line where they were "found 
along the ventral and lateral edges of the gut". In an embryo 
of 2.36 mm. which possessed the same number of days development 
as that of 2.04, (ten days old), the cells were discovered for 
the most part in the undivided part of the mesoderm "between 
the exc~etory ducts and the lateral edges of the gut". 
From his observations on the "pre-germ-cell stage", Hann 
received the impression that all the giant cells were not 
destined to become primordial germ-cells and holds the opinion 
that at about the 2.04 mm. stage the giant cells undergo a 
period of differentiation during which time some of the cells 
assist in the formation of the gut, while others contribute 
to the mesoderm. In addition, he states that "only those 
giant cells . which come to occupy a favorable position become 
germ-cells". 
In the "germ-cell stages", which, as will be recalled, 
began with embryos measuring 2.77 mm. in length, the cells were 
also identified as being round or oval, but in addition much 
larger than any surrounding cells. 
QO. 
Embryos of ).21 mm., 4.25 mm. , and 4.7 mm. in length 
displayed the cells at various de g rees of progression in the 
migratory path. In the first stage the gut was found to 
extend ventrad for quite a distance and the cells, though 
nearly in the same positi on as found for embryos of 2.77 mm ., 
were closer to the median line. In the second, the 4.25 mm. 
specimens, the germ-cells were observed in a more or less 
median location dorsal _to the gut, while in the 4.7 mm. stage 
they were "arranged bilaterally in the genital ridg es, one 
ridge lying on each side of the dorsal mesentery " . 
Continuing from this last stage, the 4.7 mm., Hann 
pictured the development of four embryos as well as the 
location and condition of the germ-cells in each . In the 
first, one measuring 5.) mm., the cells were found in the 
genital ridges surrounded by peritoneal cells, while in the 
second which showed a measurement of 6.5 mm., t h e germ-cella 
were discovered in clusters and with several in the anlagen 
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undergoing mitotic division. Also in this second specimen the 
germ-glands contained stroma cells. In the embryo which had 
acquired 7.5 mm. in development one of the g enital folds was 
found to be situated between the gut and the dorsal wall of 
t h e coelom. Here, too, the ger~-cells were observed in the 
II 
. I 
II 
/i 
. I 
' process of mitosis, while in the last st a ge, that represent e d II 
by an embryo measuring 8.9 mm., many of the histological 
,, 
sections presented the germ-cells "scattered more or less 
evenly over the entire interior of the gonads". 
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Concerning the number of g erm-cells present in Oot tu s 
bairdii, t he aut h o~ g ives no one specific average. He divides 
his observations on this subject into two gro u pe. In the 
first the count ranged from twelve to twenty-two germ-cells 
and in t h e second it was found to be from fort y-nine to eighty 
He -offers no explanation for thi s variation and says that no 
division in g erm-cells was noticed during t h e period of 
mi gr a t ion. 
In reg ard to the method of migration, Hann stat es t h a t it 
is not an active process on the part of the cella and feels 
t hat t h e act is carried on by a "ventral shifting of the 
position of the gut and by the movement of other tissues 
during embryogenyH. 
The material for the investi g ation was collected in the 
s tr eams near Ann Arbor in Michigan. The fertilize d eggs were 
taken, for the most part, from these streams and fixed in 
Bouin 1 a solution though other fixatives were employed at times 
The histological sections were made in three thick nesses, 
6 micra, 8 micra and 10 micra. Iron-haematoxylin and the 
counteratains Licht-grun and eosin were found to be most 
a at is factory. 
Figure 36 shows a ventrolateral portion of a section 
t hr ough a 1.91-mm. embyro. X 380. 
Figure 37 represents a 2.04-mm. specimen. 
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Figure 38 is a section through the germ gland region of 
a 3.21-mm. embryo. X 345. 
Figure 39 is a diagram of an embryo 4.25 rom. in length. 
X 13. 
Figure 40 is a section through the genital gland of a 
7.3-mm. specimen. X 750 
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"THE HISTORY OF THE GERM CELLS IN THE 
VIVIPAROUS TELEOST PLATYPOECILUS" 
by Louis E. Wolf 
As did Hann, the above author endeavored to trace the 
entire ontogeny of the germ-cells in Platypoecilus maculatus, 
a teleost "native to the fresh and brackish waters of southern 
Mexico". For his research, over a hundred specimens including 
embryos, young adults, and mature adults were used. 
Allen's modification of Bouin 1 s solution was the 
I' principal fixative employed and all the sections used for 
I 
I 
study were stained with Heidenhain's iron hematoxylin and 
eosin. 
Due to his observations on fairly mature specimens and 
adults from which were derived the cytological elements of the 
g e rm- c e 11 a , \i o 1 f' was ad e quat e 1 y a b 1 e to i d en t i f' y the prim o r d i a 
germ-cella in the youngest embryos, where, in the very earl-
ieet, they were primarily distinguished from the other cells 
I 
j
1 
by their large size, faint nuclei and the presence of yolk 
I spherules. 
In the earliest specimen which Wolf was able to obtain, 
one measuring 1.6 mm., the majority of the primordial germ-
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cells were found at the outermost edge of the lateral mesoderm 
though a few were discovered caudad of these in the extra-
embryonic region, between the ectoderm and periblast, beyond 
the lateral mesoderm. The position of these latter cella 
suggested to the investigator three possible alternatives for 
their origin. These are as follows: 
1. They might have been a part of the mesoderm. 
2. They might have originated from the ectoderm. 
3· They might have come from the periblast. 
Though he expresses no opinion as to the definite origin 
for these cells he seems inclined to accept the first explana-
tion. 
One feature which Wolf particularly emphasized in this 
embryo, the 1.6 mm.-speeimen, which is slightly contrary to 
the finds of previous writers, _ is the fact that !1:!1 of the 
cells which he identified as germ-cells were amoeboid in 
appearance with one in particular displaying distinct 
pseudopodia. From his study of this specimen and of others he 
feels quite certain that the earliest change in position made 
by the cells is an active one and brought about by their own 
potentialities. However, the subsequent movements along the 
path of migration he attributes to the growth and change of th 
body tissues. 
In an embryo showing slightly greater development, one 
which displayed the early formation of the coelom in the 
=! ___ __;o_::_ __ -=-===================================jf===== 
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anterior region and the solid mesoderm in the posterior area, 
the germ-cells were found to be located in two bands, one on 
each side of the embryo, which originated posteriorly in the 
extra-embryonic region and extended anteriorly through the 
lateral mesoderm. The cells here contained the same 
characteristics as found in the 1.6 mm. specimen, but were 
discovered in a more median position than in the former, while 
in a specimen measuring 1.8 mm. in length they were found 
close together and in a still more median position ventral to 
the now formed Wolffian ducts. In this last embryo, too, 
alight changes in the appearance of the cella were observed. 
Those which had progressed the farthest had acquired a smooth 
outline and at the same time were slightly smaller in size 
as compared to the cella observed still in the lateral 
posterior part of the specimens and which showed an uneven 
appearance. 
In an embryo measuring 2 mm. in length the two banda of 
germ-cella, which were also found in the 1.8 mm. specimen, 
had fused into a single one which was found between and ventral 
to the Wolffian ducts "at the base of the rudiment of the 
dorsal mesentery". A few of the cells were seen to protrude 
on each aide into the coelom designating the formation of the 
germ-gland anlagen. 
Embryos which had reached ).5 mm. in length displayed the 
yolk sac nearly absorbed and with the germ-cells again located 
in two ridges ventral to the Wolffian ducts and pr ojecting 
into the body cavity. As may be gathered, these two longi-
tudinal ridges are the germ-gland anlagen, in which ~ olf i 
i 
discovered three types of cella: large germ-cella, peritoneal ' 
cells, and stroma cells which were scattered about in the 
gland. "The nuclei alone of these two somatic constituents 
of the germ-gland anlagen are visable." 
In an embryo of 5.6 mm., which represents "the last stage 
of prenatal development", a decided increase in the number of 
sex-cella was found, and in embryos in the vicinity of 5.6 mm. 
in length many of the germ-cella were observed in the process 
of mitosis. A critical study was made in order to determine 
whether any of the somatic cella were transformed into germ-
cells. The results showed that no such phenomenon occurred. 
Figure 41 is a "diagram of path of migration of germ-cella 
of Platypocilus. Dotted linea represent amoeboid movement; 
solid lines, movement due to shifting of tissue within which 
the germ-cella lie". 
Figure 42 is a section of a 1.6 mm.- specimen t __ rough the 
germ-cell region. Notice the amoeboid shape of the cells. 
Figure 43 represents a dorsal view of a 1.8 mm. specimen, 
"showing the distribution of the germ-cella". 
Figure 44 is a section through the germ-cell region of 
an embryo 1.8 mm. in length. 
6 9. 
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Figure 45. is a section through the gonads of a 5 rum. 
specimen. 
Note: All drawings were made with the aid of a 
camera lucida. No figures were given as to degree of 
enlargement. 
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PART III 
TELEOST OM! 
(order 2. Teleostei) 
Section 5L_ 
"GERM CELLS AND SEX DIFFERENTIATION IN 
LEBISTES RETICULATUS" 
by H. B. Goodrich, J. E. Dee, C.M. Flynn 
and Rowena N. Mercer 
The paper presented by the above authors is merely an 
abbreviated account of their discoveries and work on the 
viviparous teleost Lebistes reticulatus which is popularly 
known as the "guppy". Owing to the fact that Lebistes 
reticulatus is easily raised under aquaria conditions, the 
authors had no trouble in securing embryos and material for 
their combined study. The various embryonic stages were 
obtained by removal from the bodies of females and were fixed 
for the most part in Bouin 1 s fluid though Slifer's modificatio 
of Petrunkevitch's method was employed for specimens when it 
was found not advisable to remove the yolk. Heidenhain 1 s iron 
hematoxylin and eosin were the principal stains employed. 
Due to their observations on mature specimens and to 
accounts of the general characteristics of the primordial 
germ-cells, the writers were first able to identify these cell 
in an early blastoderm which measured 1.3 mm. in diameter and 
possessed "an embryonic shield measuring 0.5 rom. along the 
sagittal axis and 0.72 rom. in the greatest breadth " . In this 
72. 
-=---~- -_--_--__ -::_-:=_-ll=:-= = -=-----------------~~~----~ ---- - - -
specimen the writers claim they recognized forty germ-cella 
which were distributed widely and were found "in the under-
lying (invaginated) or meaentodermal layer", while in a stage 
s h o wing slightly greater development, one in which the 
medullary plate was clearly noticeable, the cells were 
observed "in a U-shaped configuration" the base of which was 
"located in the posterior median region and with either arm 
extending laterally to the medullary plate". 
In a specimen 1.26 .mm. in length, which displayed eight 
somites, the g~rm-cells were found in nests lateral to the 
somites and in the mesoderm. Here approximately forty-four 
germ-cells were observed with twenty-four of them located on 
the right side of the embryo. 
For the later stages, the authors state that the primordia 
germ-cells in a 2.7 mm. specimen were found collected in a 
medial position ventral to the Nolffian ducts and dorsal to 
the formed gut, and that in embryos which had reached ).1 mm. 
in development the cells appeared to be lying in a strand 
which, according to the investigators, eventually separated 
so that in specimens measuring approximately ).5 mm. the 
germ~cells were observed in the newly-formed genital ridg es. 
With the developmerit of the swim bladder, the ridges were 
found ventral and in a ).6 mm. specimen they appeared to have 
separated from the body wall and had become an indifferent 
gonad. 
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As to the ori g in of the primordial germ-cella, the 
authors do not give a definite opi~ion. They suppose "that 
there exists an embryonic segregation prior to gastrulation 
and that the cella then determined have become widely 
scattered in the spreading of the blastoderm". 
In enumerating the general characteri sties of the germ-
cella in Lebiates reticulatua, the investigators state that 
they appeared oval in shape and approximately 10 micra by 
14 micra. They possessed nuclei which often were bilobed and 
chromatin networks which were observed to be leas dense than 
those found in neighboring cells. 
the authors, were "variable". 
The nucleoli, according to 
The number of germ-cells up to the ).5 mm. stage seemed 
to remain nearly constant but after this stage considerable 
more were observed. The total number in a specimen measuring 
5.2 mm. in length was 318 germ-cella. 
From their observations they found no indication in male 
specimens that somatic cella were transformed into germ-cella. 
In females, however, a little evidence was found that stroma 
cella may give rise to definitive g erm-cella. 
As may be gathered from the title of their paper, the 
authors carried their study farther into the development of 
t his teleost, but as their observations had no connection with 
this thesis they have not been included here. 
=1=~== 
I Figure 46 is a "posterior portion of a sagittal section 
of an early embryonic shield" showing t he germ-cells in the 
mesentoderm. - X 614. 
Fi gure 47 is "a reconstruction of an embryonic shield 
showing the position of forty germ-cells". X 61. 
Figure 48 is an eight somite specimen showing the position 
of the germ-cells in the lateral mesoderm. X 20 
Figure 49 represents an embryo with fourteen somites 
with the position "of the germ-cells in the mesoderm under 
the . so mit e s" • X 27. 
Figure 50 is from a "cross-section of a 2 -mm . embryo at 
the time of blastopore closure showing four germ- cells 
ventral to the Wolffian ducts". X 614. 
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~ IV 
BRIEF SUMMARY OF THE FOREIGN LITERATURE 
From hie review of the literature pertaining to the 
development of the primordial germ-cella in Pieces, the 
author of this thesis discovered that the majority of the 
papers dealing with the subject have been written in the 
English language and primarily by investigators who have 
carried on their research in the United States. As might be 
apprehended, however, the earliest work was accomplished by 
foreign writers. 
One of the first pioneer authors was ~~~uasb~ (Bachmann 
and Hann), a German, whose paper appeared in 1880. This 
investigator, working on the trout, found that the germ- cella 
were segregated early in the development of the embryo, and, 
too, that hie observations gave no evidence for the support of 
th e theory that epithelial cella may ~e transformed into 
germ-cella. 
~~-MacL~£ ( Bachmann and Hays ), writing in Fr ench in 1881, 
however, was an advocator of the germinal epmthelium theory. 
Hie observations were made on the teleost Hippocampus and the 
needle fish Belone acus in which he discovered sex-cella in the 
splanchnopleure and the somatopleure late in the development 
of each. Mac Leod held the opinions that (l) these cells were 
differentiated peritoneal cella, and (2) that the genital fold 
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originated "in a group of germ-cells on the surface of the 
epithelium". 
~~_._Hoff~ (Bachmann), a German author, produced a 
paper on Salmo salar in 1886 in which he says that the 
primary germ-cells are found in the dorsal and median part 
of the mesentery lateral to the body wall. Alth ough he 
speaks of these cella as primary germ-cells, it appears that 
this investigator was in doubt as to whether they were 
identical with the mature germ-cells. Like MacLeod, he was 
under the opinion that they were highly differentiated 
peritoneal cella, and that the true germ-cells were derived 
from the germinal epithelium. 
H. F. Jungers~ (Hann), also a German writer, did his 
work on Zorarcea viviporua in 1889 and appears to be a 
supporter of the theory which claims that the germ-cells are 
segregated early in embryonic formation. It was in the 
entoderm of a 2-mm. embryo that he first discovered the 
primordial germ-cella. 
U. Bohi (Bachmann and Hann), a German investigator writing 
in 1904, produced an account of his research on the brown 
trout and the salmon. In a trout embryo measuring 3.14 mm., 
he discovered primordial germ-cella lying lateral to the 
Wolffian ducts) whi le in a salmon embryo measuring 3.6 mm., 
he found them in various parts of the lateral mesoderm. 
From his observations on embryos of various degrees of 
development, he states that the peritoneal cells seemed to be 
responsible for three types of cells, 1 indifferent cells 1 , 
'follicle cells' 1 and germinal epithelium'. The indifferent 
cells, he states, gave rise to follicle cells. His opinion, 
however, seems to be that a few of the germ-cells are 
differentiated early in development, but that others are 
derived from epithelial cell~. 
~Fed~!:£!! ( Hann), a German writer of 1907, 11 traced the 
germ-cells in the brown trout to an earlier stage than did 
B ~hi, finding them chiefly in the splanchnopleure". 
~_._Re!_!!ha£A (Hann), also a German, produced a paper in 
1924 dealing with his work on Scardiniue. This author claims 
that the primordial germ-cells in this species take their 
origin from large cells which he termed 'giant cells' 
(Riesenzellen). According to the investigator, these giant 
cells were formed in the periblast 11 from periblastic nuclei" 
and migrated by ameboid movement into the mesoderm. 
As may be seen, the opinions of the early writers 
concerning the origin of the primordial germ-cells are not 
all in agreement. It seems probable that their failure to 
agree upon an early segregation of the germ-cells, the theory 
which predominates to-day, was due, in part, to faulty 
technique as well as to the influence of the "Germinal 
Epithelium Theory" which was advanced by Waldeyer in 1870. 
Another reason, too, was due to the lack of extensive 
research work on the subject. 
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In enumerating th~ general characteristics of the 
primordial germ-cells in Pisces, the majority of the authors 
seem to agree that they are of large size, spherical or ovoid 
in shape and contain nuclei which either conform to the 
of the cells or are of a bilobed nature. The chromatin 
outl inej 
usuall;y 
appears less dense than that found in other cells (somatic) 
and nucleoli are almost always present along with yolk 
spherules in the cytoplasm. Several investigators have 
observed cells in the early stages with amoeboid forms which 
t h ey designated as germ-cells due to the remaining cytological 
properties. 
The studies of the various embryos have been made from 
histological preparations. The specimens~ as customary, have 
first been fixed in some appropiate fixative and then mounted 
for sectioning. Various stains have been employed and every 
worker has made observations of cross and longitudinal serial 
sections. 
In considering the place of origin of the primordial 
germ-cel la in Pisces, the evidence points most heavily toward 
an early segregation. Though Eigenmann claims to have traced 
the cells to stages of cleavage, the more recent writers have 
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been unable to do so. Several of the investigators of Pieces 
have found the earliest primordial germ-cella among the cells 
of the entoderm (Allen 1 11, Sink 1 12, Richards and Thompson 1 21 
Hann 1 27 ). Beard 1 02, however, in his earliest specimen 
located them in the germinal cavity and attributes an extra-
regional origin to the cella, while Woo ds 1 02 found the 
earliest germ-cella in the yolk beneath the entoderm, the 
mesoderm and in the endoderm. Dodds 1 10, in his y oungest 
embryo, discovered the pri mordial germ-cells in the ecto-
endoderm before the two layers had separated. Bachmann 1 14, in 
a ).2 mm. embryo, observed the cells in the mesoderm, while 
Wolf 1 )1, in hie earliest specimens , also found the majority 
I 
of the cells in the lateral mesode r m though several were locate 
in other parte. This author, as mentioned in Section 8 of 
Part III, gives three possible a lternatives for the origin of 
the primordial germ-cells . Goodrich, Dee, Flynn and Me rcer 
. 
in their earliest specimen found the cella "in the underlying 
(invaginated) or mesentodermal layer". 
As to the path of migration followed by the germ-cella , 
it appears to the author of this thesis that there is consider-
able variation among the species, the path being different for 
each. In general, however, the germ-cella are found in the 
lateral mesoderm before it becomes separated into somatopleure 
and splanchnopleure.. After the separation of the lateral 
mesodermal plate three directions of movement are possible for 
8 \1.. 
the g erm-cells: they may either be joined to the splanchnic 
layer or to the somatic layer or they may become a part of 
the median mesodermal cells, that part of the mesoderm where 
the somatic and splanchnic layers meet. 
As may be seen, if the cells join the splanchn ic mesoderm 
t h ey will reach the sex-gland anlagen by way of t he g ut 
(peritoneum) and the dorsal mesentery, while if the cells 
adhere to the somatic mesoderm the direction of migration is 
more lateral. As stated by Wolf, the cells located in the 
median portion of the mesoderm will become a part of the 
dorsal mesentery when this tissue is formed and thus gain the 
sex-gland anlagen below. 
In regard to the means of mi g ration it seems plausable to 
assume that, as also brought forth by Wolf, the earliest 
changes in position are due to the activity of the primordial 
germ-cells themselves, while those which follow are caused by 
the growth of the body tissues and the shifting of the 
developing parts. The appearance of amoeboid germ-cells in 
early embryos has been reported by several investigators and 
it seems moat probable that the first stages of migration are 
active and t h at the remaining one s are passive. Ho wever, t h ere 
are investigators who claim that the entire process of 
migration is passive. 
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